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A CLOKE OF DOUBLE-STRANDED RNA VIRUS 
AND APPLICATION'S THEREOF 

-This is a continuation in part of the pending 
application Serial Number 07/169,486 filed March 17, 1988. 

The present invention is related generally to the field 
of genetic engineering. More particularly, the present 
invention is related to providing a cDNA clone of the double- 
stranded RNA genome of a yeast virus and various applications 
of the clone. 

Viruses use a wide variety of strategies to replicate 
and differentially express the proteins they encode. 
Retroviruses, double-stranded RNA (dsRNA) viruses and (+) 
strand RKA viruses including Plcornaviruses and Togaviruses, 
have in common their use of genomic (+) strand RNA as a 
template for replication and as a message for protein 
synthesis. Thus, while DNA viruses and (-) strand RNA 
viruses use splicing of mRNA to produce, in different 
amounts, proteins sharing part of their sequence (Livingston 
et al, 1985, Replication of Papovaviruses . In Virology, B.N. 
Fields, ed., New York: Raven Press. pp. 393-410; Horwitz, 
1985, Adenoviruses and their replication. In Virology, B. K. 
Fields, ed, New York: Raven Press, pp. 433-476; Kingsbury, 
1985. Orthomyxo- and Paramyxoviruses and their replication. 
In Virology, B.N. Fields, ed. , New York: Raven Press, pp. 
1157-1178), splicing is unknown among (+) strand RNA viruses 
and dsRNA viruses, probably because the spliced RNA would be 
packaged and replicated leading to the accumulation of 
defective viruses. Retroviruses splice their genomic RNA to 
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make the env protein, but the spliced RKA lacks the Psi 
sequence necessary for packaging (Watanabe et al , 1933, Mol . 
Cell . 'Biol . 3:2241-2249; Mann et al , 1983, Cell 33:153-159; 
Markowitz et al, 1988, J. Virol 62:1120-1124). i n addition, 
retroviruses use ribosomal f rameshi f t ing to make a large 
amount of the gag protein and a small amount of the gag-pol 
fusion protein (Jacks et al , 1988, Cell 55:447-458). Murine 
leukemia virus (Varaus, 1988, Science 24 0:1427-1435) and two 
a viruses (Strauss et al, 1983, Proc. Natl. Acad. Scl. USA 
80:5271-5275) use nonsense suppression in the same way. The 
rates of transcription and translation of different reovirus 
dsRNA segments vary over a range of more than 20-fold to give 
overall rates of expression that vary over 400-fold (Joklik, 
1981, Microbiol Rev . 45:483-501). 

L-A is a dsRKA virus of Sacchar omyce s cerevis iae . L-A 
replicates by a conservative mechanism, with (+) strands made 
by transcription of dsRNA and (-) strands then made by 
copying the ( + ) stranoVs to form dsRNA again (sequential 
synthesis) (Newman et al , 1981, J. Virol 38:263-271; Sclafani 
et al, 1984, Mol. Cell. Biol . 4:1618-1626; Newman et al, 
1986, The replication of dsRNA. In Extrachromosomal Genetic 
Elements in Lower Eukaryotes, R. B. Wickner, A. HInebusch, A. 
M. Lambowitz, I. C. Gunsalus, A. Hollaender, eds.. New York: 
Plenum Press, pp. 173-187; Pujimura et al , 1986, Proc. Natl. 
Acad. Scl. PSA 83:4433-4437). (+) single-stranded RKA 

( ssRNA ) is packaged in a new coat to form new viral particles 
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(Fujimura et al . 1986, supra : Fujimura et al . 1987, Mo3 , 
CeU - Bl01 ' 7:420-426 ). Both "( + , and <-) strands are 
synthesized within viral particles. and because the size of 
the heads appears to be designed to contain one L-A molecule 
(4.6 kb), dsRNAs less than half the size of L-A replicate 
within- the head until they fill lt with multiple copies. 

The 4.6 kb L-A d s RN'A genome with a coding capacity of 
about 180 kDa encodes both the 80 kDa major coat protein 
(over 100 molecules per viral particle) and a 180 kDa minor 
viral protein (about 1 molecule per- particle). The 180 kDa 
protein shares immunodeterminant s with the major coat protein 
•and. unlike the major coat protein. has ssRNA-binding 
activity which could play a role in both packaging and 
replication. L-A carries several genetic activities, called 
THOK], [SEX], [EXL] and [B] defined by the interactions of 
L-A with M dsRXA (see review by Wickner, 1986, Ann. Rev. 
Biochem. 55: 373-395; Uemura et al, 1988, Mol. Cell. Biol . 
8:938-944), M* is a dsRK'A that encodes a secreted toxin and 
immunity to the toxin (Bussey. 1988. Yeast 4:17-26) and uses 
the same particles as L-A for replication. Although both L-A 
and M 4 are affected by a variety of chromosomal genes, only 
three of the genes required for the maintenance of M i ( HAK3 , 
MAK10. and PET18) are necessary for the maintenance of L-A 
(aee review by Wickner, 1986, supra ). A deletion mutant of 
L-A, called X dsRNA , requires most. if not all, of the MAX 
genes (Esteban et al . 1988, J. Virol . 62:1278-1285). 
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In order to determine how both the 80 kDa and 180 kDa 
viral proteins can be encoded by the 4.6 kb L-A molecule and 
to study their differential expression, structure, function, 
and relation to the genetic activities of L-A, it was 
desirable to clone and sequence the L-A genome, such a clone 
not heretofore being available. 

SUMMARY OF TEE I\-VEN T TIOK 

X 

It Is. therefore, an object of the present invention to 
provide a substantially complete cDKA clone of the L-A viral 
genome of cerevl s lae . 

It is another object of the present invention to provide 
a yeast test system for identifying factors influencing or 
controlling the -1 ribosoaal f rameshif ting event that occurs 
during gag-pol fusion protein synthesis in retroviruses 
including HI W 

It is a further object of the present invention to 
provide a new yeast 'based vector for preparing particle- 
immobilized antigens for inducing Immune response in a 
responsive host. 

It Is yet another object of the present invention to 
provide a stable, recombinant cDKA clone of L-A at a copy 
number of at least about 10,000 per cell to produce a desired 
protein in large amounts. 

Other objects and advantages of the present invention 
will become evident from the following detailed description 
of the invention. 
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BRIEF DESCRIPTION' OF THE DRAWINGS 

These and other objects, features and many of the 
attendant advantages of the invention will be better 
understood upon a reading of the following detailed 
description when considered in connection with the 
accompanying drawings wherein: 

Figure 1 shows a summary of the overall structure of the 
L-A genome. The two open reading frames, ORF1 and 0RF2 
encode the two products of the L-A genome, the major coat 
protein of the viral particles and the chimeric protein 
having a major coat protein domain and a single-stranded RNA 
binding-RNA polymerase domain. 

Figure 2 shows the complete sequence of the L-A genome 
and specific features thereof. including possible 
frameshlf ting. sequences near base 2000. 

Figure 3 shows the similarity between the sequences of 
HIV-i and RSV that are. known to produce ribosomal 
fraaeshifting and sequences in L-A in the 130 base region of 
overlap of 0RF1 and 0RF2. 

Figure 4 shows the homology between L-A's ORF2 and the 
RNA-dependent RNA polymerase genes of a number of RNA viruses 
that allowed the Identification of the 180 kDa protein as the 
L-A RNA polymerase. 

Figure 5 shows the schematic design of a fraraeshift 
vector based on the frameshift sequences of the L-A virus. 
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Figure 6 shows constructs useful for producing particles 
carrying multiple copies of a protein antigen on its surface 
for i-nducing an immune response. 

Figure 7 shows the use of a vector to support the 
replication and increase the copy number of the X dsRNA-based 
expression vector. 

DETAILED DESCRIPTION OF THE INVENTION 

The above and various other objects and advantages of 
the present invention are achieved by a cDKA clone of the L-A 
viral genome of s_. cerevi slae . 

Unless defiaed otherwise, all technical and scientific 
terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to which this 
invention belongs. Although any methods and materials 
similar or equivalent to those described herein can be used 
in the practice or testing of the present invention, the 
preferred methods and materials are now described. All 
publications Mentioned hereunder are incorporated herein by 
reference. Unless mentioned otherwise. the techniques 
employed herein are standard methodologies well known to one 
of ordinary skill in the art. 

The term "substantially complete" cDNA clone, as used 
herein, means that the clone has the complete nucleotide 
sequence of the L-A viral genome except for a few bases at 
each end which, however, are easily repaired by using 
oligonucleotide mutagenesis. 
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"a t.r. 0DSA as use(J 

-dme, to lnclude the sequence encodlng protein whose 

Production 13 desired; (2) Bcdlfled to pjace ^ a?propriate 
r.«ion with th is encoding sequence downstreaa frora & 

promoter and l;ric1 . Y , Qf , m „ 

««a upstream from a suitaKu 

suitable transcription 
terminator; (3, ffiodlfled In . suUabIe reeion ^ optiBize 

«.«t c f transcript productlon by L . A (with protein 
"ding ..,„.„„ (4) BOdlfled to optimize ^ ^^^^ ^ 
translation of th . BRJiA produced by ^ ^ ^ 

result in secretion of the synthesized p ro tei n! ( e, edified 
to include a au iti P le clonlng alte ,„ „ . pproprl . tf . 

and the like . 

MATERIALS AVn METHODS 

Materials 

M-MLV reverse transcriptase. RNase „, ana - DSA poayBerase 
I were obtained as a kit fro. Bethesd. Research Laboratories. 
Exo„ucl..se in. and S1 nucJea8e Mere fron Biotec 

Modified T7 DNA poly.er.se ,».,„.„..) and T4 polynucleotide 
kinase were fro» United States Bioche.ieal. Other enzy-.s 
and substrates were obtained fr „« Bethesda Re . earch 
Laboratories. New England Biolabs. New England Nuclear. LBK- 
Pharnacia or Boehringer Mannheia. 

Saccharo.yces cerevlslae strain R E59 ( a skl2 . 2 
L-A-HMB [D] L-BC W, was used as a source of VLPs. This 
"rain contains a variant of L-A. t-A-HNB. which results in 
tieh level, of L-A viral particles (Oe«ura et al . 1988. MoL 
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Cel1 BlQl - 8:938-944). This strain has no M a killer dsRNA, 
which, if present, would strongly repress L-A replication, 
and the chromosomal ski2-2 mutation also contributes to the 
higher yield of VLPs. Escherichia coli strains, DH5a (F~, 
endAl, hsdR17(r- ( m*). supE44, thi-1, -. recAl. gyrA96, 
relAl. {argF-lacZYA)U169, 08OlacZ M15) and DH5aF ' , were from 
Bethesda Research tab or a tori e s . Plasmid SK~, SK~, and M13 
helper phage, R408, were from Stratagene. 
Construction of cDKA Clone 

L-A cDNA was synthesized using (+) strand message of L- 
A, synthesized in vitro, as a template. L-A VLPs were 
prepared from strain RE59 as described by Fujimura et al , 

1986 ' . Proc - yatl. Acad. Sci. USA 83:4433-4437, except that 

the concentration of NaCl in the extraction buffer (buffer A) 
was raised to 500 mM to stabilize particles, and CsCl density 
gradient centrif ugation was performed twice. L-A (+) strand 
RKA was synthesized from the purified VLPs as described by 
Welsh et al. 1980. Xucleic Acids Res . 8:2349-2363. To obtain 
the highest yield of the product per template in a 200ul 
reaction volume. each substrate (NTP) concentration was 
raised to 1.5 mM and the MgCl. concentration was adjusted to 
10 mM. After 90 minutes incubation at 30°C, the reaction was 
stopped by phenol. and then standard phenol-chloroform 
extraction followed. After ethanol precipitation, the 

mixture of L-A ssRNA and dsRNA was used directly as a 
template for the cDNA synthesis without further manipulation. 
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The presence of dsRNA interferes neither with cDNA synthesis 
nor with the ligation reaction. 

■Two synthetic primers, GCATATGGGTAATTCC C ATTATCTTTTT G G C 
(PRIMER I) and GAAAAATTTTTAAATTCATATAACTCCCC (PRIMER II), 
were used to synthesize L-A cDNA. These primer sequences 
were based on the 3' and 5' terminal sequences of L-A dsRNA 
(Thiele et al , 1984, Mol . Cell. Biol . 4:92-100). The 5'- 
termini of these primers were phospho ry 1 at ed by T4 
polynucleotide kinase. The first strand was synthesized with 
m„MLV reverse transcriptase following the manufacturer's 
protocol, except that oligo dT was replaced by the primer I. 
After the first strand synthesis, the primer II was included 
in the reaction mixture. annealed, and the second strand 
synthesis was performed using DNA polymerase I with RNaseH. 
This use of the second primer allowed us to generate cDNA 
having an intact 5* -end. No labeled nucleotide was used at 
any point in the reaction process. The reaction was 
terminated by a phenol extraction and the full size cDNA 
which runs at the same position as dsRNA was purified from a 
preparative agarose gel using DEAE-cellulose paper. The size 
fractionated cDNA was ligated into the Smal site of the 
multiple cloning site of a Bluescript vector. SK*. The 
ligated DNA mixture was transformed into frozen competent 
cells of E . coli • strain DH5o prepared by the method of 
Hanahan, 1983, J. Mol. Biol . 166:557-580. Transf ormants were 
selected on X-Gal ampicillin plates and white and pale blue 



WO 90/12094 



PCT/US90/01716 



-10- 



colonies were screened for their plasmid UK A inserts. 

Initially 108 trans formants were screened for their 
insert DKA size, by digesting mini-prep DNA with Hindlll and 
BamHI. Am ong , * h e m , 39 clones were close to the full size. 
These clones were further tested by digesting the plasmids by 
EcoRI, EcoRV, and BamHI , and comparing the size of the 
fragments derived from the 5' and 3' ends of the L-A cDKA. 
The digested fragments were transferred from an agarose gel 
to two pieces of nitrocellulose paper and hybridized with "P 
end-labeled primers I and II, respectively. Among those 
which showed strong hybridization to both primers were L03, 
LOS, and L28. " 

PICA Seq uencing of L-A cDKA Clones 

The plasmids. L03 and L05. have L-A cDNA inserts whose 
orientation is such that the 5' end of the L-A ( + ) strand 
sequence is next to the universal primer site in the SK* 
vector, whereas the insert in L28 has the opposite 
orientation. These plasmids were digested at the Hindlll and 
Apal sites in the multiple cloning site of the SK* vector, 
and a series of deletions were generated using ExoIII and Si 
nuclease (Henikoff. 1987, Methods Engvmnl 155:156-165). 
ssDNas were prepared following the protocol supplied by 
Stratagene with the following modifications. Fresh colonies 
of strain DHSaF ' carrying a plasmid were inoculated into Z ml 
of 2xYT medium in a 50 ml disposable plastic tube, cultured 
at 37-C for 2 hours, and M13 helper phage, R408, was infected 
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at .around moi - 10. After vigorous shaking for two hours at 
37-C. the temperature was dropped to 32-C, an d the shaking 
was continued overnight. Although the reduction of the 
temperature is not essential, this method gave a consistent 
yield of rescued ssDNAs in a variety of deletion mutants 
constructed. Since F-pili are dissociated at the reduced 
temperature {Messing, 1983, Methods Enzvmol . 101:20-78), this 
modification prevented re-infection by the helper phages 
which could eventually l yse the cells, especially those which 
have lost the plasmid during the overnight cultivation. 

For each plasmid. about 50 deletions were sequenced 
using Sequenase following the manufacturer's protocol. The 
average reading was 400 bp. For clones in the SK* vector, 
the M13 -20 17mer was used as a primer. Also. BamHI/Hindl II 
.fragments from 6 cDNA clones were recloned into the SK~ 
vector, and the opposite ends were sequenced using a reverse 
sequencing primer. The DNA sequences were assembled and 
analyzed using programs of UWGCG (Devereux . et al, 1984, 

Kuclelc Ees. 12:387-395). IDEAS. STADEN, and PIR 

Included in the "Analysis" library at the National Cancer 
Institute Computer Center at Frederick, Maryland. Homology 
was also examined using the FASTA (Pearson et al f 1988, Proc. 
Natl. Acad. Scl USA 85:2444-2448) and FPAT programs provided 
by David Lipman, Chuck Buckler and William Pearson. 

A deposit of the cDNA clone of the L-A dsRNA has been 
aade at the ATCC, Rockville, Maryland. on February 10.1989 
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under accession number 67,888. The deposit shall be viably 
maintained, replacing if it becomes non-viable, for the life 
of the patent or a period of 30 years from the date of the 
deposit, or for 5 years from the last date of request for a 
sample of the deposit, whichever is longer, and made available 
to the public without restriction in accordance with the 
provisions of the law. The Commissioner of Patents and 
Trademarks, upon request, shall have access to the deposit. 

Among various utilities of the clone of the present 
invention, at least the following should be noted. 

1. To identify factors influencing the ribosoaal 
frameshifting that retroviruses, including" HIV, use to make 
the gag-pol fusion protein which is vital to the viral 
replication, 

2. To prepare particles that have a particular antigen 
protruding from multiple sites on the particle surface for 
use in immunization or in biological- and immunological tests. 

3. An RNA expression' vector and as a helper for such 
an RNA expression: vector. 

These utilities ara now described. 

— ^ clones of L-A in examining factors affecting 

rlbosoma l ^amaghfrf t ing . 

A study of the cDNA clone of the present invention 
reveals that the 4579 bp L-A has two open reading frames 
(ORFs). ORFl of 680 amino acids extends from base 30 to base 
2072 of the L-A(+) strand and encodes the major coat protein. 
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A second ORF of 868 amino acids (0RF2) extends from base 1940 
to 4546 and encodes part of the s sRNA-b i nd i ng protein. The 
other -pfcrt of this 180 kDa ssRNA-binding protein is encoded 
by ORF1. Fusion of 0RF1 and 0RF2, apparently by a -i 
translational frameshift, produces the complete 180 kDa 
protein. A site similar to the site of f rameshi f t ing in HIV, 
RSV and other retroviruses is found within the 143 bp overlap 
of 0RF1 and 0RF2 (Fig. 3). 0RF2 also contains a sequence 
characteristic of the RNA-dependent RNA polymerases of 
several picorna- and togavriuses (Fig. 4). 

Retroviruses, Including HIV, use ribosomal f rameshi ft ing 
to make a large amount of the gag, protein (the major coat 
protein of the viral cores) and a small amount of the gag - pol 
fusion protein. The gag- pol fusion protein contains a number 
of domains, such as a domain that is identical to the gag 
protein itself, a domain that has the reverse transcriptase 
activity, and other protease, integrase and RNase H domains. 
The retroviruses cannot replicate unless they are able to 
make the host rlbosoaes carry out this f rameshif ting from the 
upstream gag reading frame to the downstream pol reading 
frame. This must be carried out while the ribosomes are in 
the rather small region (201 bp in the case of HIV) in which 
the two ORFs overlap. In all known cases, mammalian 
retroviruses carry out a shift of -1 base in the overlap 
region. There are no cases yet known in which a eukaryotic 
host uses ribosomal f rameshi f ting in expressing its own 
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genes: Hence, this Is a potential site at which the retro- 
virus replication cycle can be attacked. I„ order to carry 
this jmt. it is necessary to have a simple system i„ whlch 
the effect of various dru e s. host factors or other 
perturbations on the efficiency of ribosomal f rameshi f t i n e 
can be easily tested and determined. 

A* has been mentioned before, ORFl 0 , l-a encodes the 
»aJor coat protein of the viral particles In wnlch t . A ls 
found in the cell (ll ke m of retroviruses,. 0RF2 encodes 
a Part of the 180 kDa protein with homology to RNA-dependent 
HNA poly.era.es that has sin B le-str an ded RNA binding 
activity. tike the ^ prot ein of retroviruses, the L-A 
»aJor coat protein encoded b, ORFl is made in large amounts. 
Like the s&Z-SSll fusion protein of retroviruses, the 0RF1- 
0RF2 fusion protein (the , 80 kDa protein, Is made in small 
amounts. The mechanism appears to be same The shift from 
ORFi to ORF2 must occur in the 130 bp re*io» of overlap 
between ORF1 and 0RF2. . The exact site of the shift in HIV. 
RSV and in several, other retroviruses has been precisely 
determined and has been shown to occur at the site, shown in 
Fig. 3 for H!V and for RSV. The essential element, of this 
aite are the^rBijuences . S' UUUUUUA 3- for HIV or 5 ' AAAUUCA 3- 
for RSV. followed closely by an inverted repeat sequence that 
.ost likely faction, to .low down the ribosomes. A, shown 
In F1 B . 3. a .i.iiar .eqnence was found in L-A in the 130 bp 
overlap re e ion. The readine frame in this homologous region 
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is the Same as that in H!V where it fra.eshifts. The 0RF1 
frame in this G ODD UUA sequence is such that a -i base 
"si.u-itaneous slippage" (Jacks et ,1, 1988 . Nature 331 : 280 - 
283; Jack, et al . 1888 . Cell. 55; 447 . 4S8) „ f peptldyl 
tRNA— bound t „ the eo(; leucyi tRKAi _ bo ^ d ^ ^ ^ 

leaves the no„-„o bb le bases of ea ch tFSA anticodon still 
Paired to the . MA . Thls mechanism has been demonstrated by 
^oks et al. ^u^ra. for Rsv , and ^ ^ 

other retroviruses which frameshift. L-A apparently uses the 
same mechanism for the synthesis of its fusion protein. 

Since riboso.al f rameshif ting is an Interaction of the 
ribosome and the mRSA, lt ls rea8onable tQ „, Bny 
construct to examine its mechanism whether or not that 
construct comes fro, a retrovirus or not. At the time the 
riboso.es are f rameshif ting on HIV message, they have no way 
of knowing whether the MA caB6 fro. a retrovirus or not. 
The yeast system of the present invention provides easy 
eenetic .anipulabllity for host genes . viral components and 



clones , 



In order to make a construct, the region at which the ■ 
fra.e.hifting occurs is placed upstream of the beta- 
galacto.ida.e gen. or of a gene such as LE02 or URA3 or LYS2 
or CAKl whose Increased or decreased expression can be 
selected (Fig. 5). The frame is adjusted so that only if the 
frameshiftlng occurs will the downstream signal gene be 
expressed. one or .ore of these constructs (Fig. 5 ) are 
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introduced into yeast strains and mutants are isolated in 
genes that affect f raoeshif t ing efficiency by either 
increasing or decreasing it. Drugs are screened for their 
effects on f rame s h 1 f 1 1 ng using cells containing these 
"frameshift vectors". A decrease in frameshifting would 
interfere with retroviral replication by interfering Kith the 
supply of reverse transcriptase. Monitoring the effects on 
more than one construct makes the screening of effects 
peculiar to one signal gene a simple matter. Also, other 
control constructs are prepared in which the signal gene is 
in frame with tBe upstream region so that no frameshift is 
needed for expression. Yet other control constructs have the 
signal gene in the +1 frame. 

Use of L-A clones to make ant igen-carrying particles for 

Immuni zat ion 

Particle-bound antigens have long been known to be more 
antigenic than soluble antigens (Adams et al, 1987, Nature 
329:68-70). Dsing the process of Adams et al , gene fusions 
of 0RF1 encoding the major coat protein of L-A are made with 
the gene of the protein antigen against which immunization is 
desired. The fusion is introduced into yeast and expressed. 
The particles formed by the major coat protein then have the 
protein atftigen "attached at multiple locations on each of the 
particles. Expression at various levels in the presence or 
absence of endogenous L-A virus can be used to produce 
particles having various numbers of antigen side chains per 
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"* <" .«« -tein ntlw Js 

" V " l0US "«"» »J« COat proteln 

-e,to deterffllne MhIch sUfis £ive ^ nost ^ 

particles. The particles can be purified ..„, 

punned easily usine their 
Physical properties. The D , P ,<„i 

t , P"ticles can then be inoculated 

to induce the desired lnBune respcnse. 

I" the replication cycle of the w vlrU8 . th . vlra] ( 
-rands are an intermediate. Viral ( + ) strands 

sv.thesi.ed by viral particles that contain the viral double- 
stranded RNA e eno.e and extruded fro. the viral particles. 

They then serve a dual role: 

(I) These < + > strands are the nRKA that i. U8e d by the 
riboso.es to » ake the two viral protein, needed for viral 
P*cK. 8 i„ e and replication. naBely> the najor eoatprotein 

■».) and the naj or coat protein-RNA poly.er.se fusion 
Protein (180kDa). 

(») The viral pl us 8trand8 encapsl ^ fcy ^ 

newly synthesized coat proteins to for. new virus particles. 

Thl. natural viral replication cycle i, exploited to 
synthesize abundant a.ounts of a desired protein. The t-A 
CD.NA clone can also be .odified to encode th. desired -protein 
instead of. or in addition to, the nor.ally encoded proteins 
We have defined and delisted the viral regions and signals 
nscessary for replication, transcription and pac k a e in e of the 
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L-A molecule. These signals are completely Included in the 5" 
aost 25 bases of the ( + ) strand and the 3' most 500 bases of 
the strand (Esteban et al , 1988 , PNAS , 85:4411-44 15 ), 

Replication requires the 3' terminal 30 bases and a region 
about 400 bases from the 3' end (the Internal Replication 
Enhancer). In order to produce the proteins, the region 
coding for the viral proteins is replaced by the gene for the 
desired protein. The signals for transcription and packaging 
and replication are left intact and the desired protein is 
allowed to be expressed, 

Since strains having up to 20% of their total protein as 
major coat protein can be constructed, the transcription and 
translation signals normally used by the virus are quite 
efficient, although, the method allows one to modify and 
improve either. 

The L-A cDNA crlone is altered as above to contain the 
desired gene and upstream of the modified L-A sequence is 
placed either a yeast promoter or a T7 RNA polymerase 
promoter. This vector is then introduced into a yeast strain 
that carries a normal L-A virus to supply the replication and 
packaging proteins. Then, the transcription of the modified 
L-A is turned on. The (+) strands thus produced (because 
they have the packaging sequences) are packaged in virus 
particles replicated and transcribed. The (+) strand 
transcripts are translated to produce the desired product. 

Another use for the L-A cDNA clone in producing the 
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desired protein is a<= 

as a source of l»r„. 

. ui large amounts of 

replication proteins. The noma! r a 

Produces the replicase 
' A -" ePendent m P01 — ' " • '-.I- Protein with the 

-one. While this ratio be optlMl f „ ^ 

r t itl0 ° °' — — -t strain. it Ieprobably 
« t.r ....... copy nUBber ^ expresaion 

n"" Utant h ° StS UP t0 -»«..« as 

" 8j0r Pr ° teln ' The — s„ of forDatlo n of the 

10 " Pr ° teln 18 rlb — — hlftin 8 . Thls ls „ 
-efficient process and can be s i aply fay ^ 

one a.ol.otid. In the re e io„ of overlap hetween the two open 

read ; ne fraBes ° f the l - — • „ thl8 clone 18 

,„ as not t „ packaeine ^ repUcation 

Bi«na!s. the tr.n.cript. onl y serve as >RNA . ^ ^ 

lar ee aBoun t of RNA-oep.ndent RNA pol yBer . S e can he .u PP „ ed 
to the repUcatln, v lra , tD lncresse copy ^ ^ ^ ' 

of transcription. 

Th. invention ls now Illustrated by ^ ^ 

examples : 
Example 1 . 

TM, e xa Bple .hows the construction of . . frM „ hlft 
vector. M1BB the fraBeshlft region ^ L ^ virai 

-ecence. The . tructnre ^ ^ 

The yeaat ^ pronoter ls llnkefl ^ ^ start codQn 

«•»«.- »V the fra.eshlft sequence from the L-A virus. Th e 
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or l-a aDaaogous to HIV or 

,., * 18 shown for 

illustrative purposes in Fl e s h „ t ,„ 

«*.S. but the eX act region of L-A 

responsible for f rane 

"rtlng ls inserted during the 
construction. At the end of the L A , 

L " A fra »"hift sequence is a 

--nation cod on. TAA . ln 

rlb080 " eS "< -"I cease translation 

"* -e the opportunity to shift further downstree. / 
«U l^i E ene encodi„ e beta- e alactosidase . i s placd 

t j:::;;;;i; 

:ne r ibosomes «ust shift back n„» v. 

CK one base on thp i».»va 
- un * ne niKNA in order 

• ,~.. M , »«...« .... ,.„„„. „„,„, , Mtm 

«.. ....... ,.,„„„„ „,„„ _ >iiot>bii 

.. .... ... .... ,„„. „„ a „. , nm ir _ ti> 

or "ata-ealactosidase In s 

? ° l0nV " n als ° »° esti.ated usi„ e 
Plates containing X-«l and th. x. 

it . " the Mue co1 " that result, fro. 

its breakdown by the enzyme. Cell. r. 

Cells ""yine the --i- vector 
(the construct shown ln F1 

s; are Brown on plates 

- •"■ - * «.« .» «. ...... „ 

* - - ««. « ... .... 

. ...... ........... .„.„ t „ „ ljcr t 4 

. ..... „ „......,„„,. h „ dtiai >f 

........ .„„„ .„ .„..,. Hnt 
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quantitative assays can then be carried out on promising 
drugs using the sinple beta-gal act os Idas e assay of 
peraeabilized whole cells. Since the yeast translation 
apparatus closely resembles that of animal cells, this method 
can be used to screen and determine the direct effects of 
drugs on the replication of retroviruses in tissue culture or 
in vivo tests . 

The same strain carrying the frameshift vector can be 
mutagenized and plated for single colonies. Those colonies 
that are more or less blue than the parent strain can then be 
analyzed to detect single-gene mutations causing increased or 
decreased ribosoaal f rameshif ting. The genes involved can be 
cloned and characterized and their mammalian counterpart 
examined for similar effects on translation in mammalian 
cells . 
Example 2 ; 

To produce particles with regions of the HIV-1 p24 
protein exposed on the outer surface, constructs such as are 
shown in Pig. 6 are prepared. The L-A ORF1 encoding the 
major coat protein is fused in frame to the p24 gene. [m 
other constructs not shown the p24 sequence is inserted 
within the L-A ORP1 or at the N-termi nus . ] The expression- 
vector carrying this construct is introduced into a yeast 
host. The major coat protein with the P 24 sequences attached 
forma viral particles which are then purified in large 
amounts by conventional methods. The L-A ORF1- 0RF2 fusion 
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protein i, expressed separately f rom . separate vector ^ 
determine whether thi s fusion pro tein Js , as ug ^ 
hypothesized, necessary for particle rotation (FuJlBura 4 
Wlckner. 1988, Cell . 83:663-671). 

The purified particles are U8 ed 
response or to generate antibody reacts. The particles are 
also used as the antl.en in tests for 
Presence of antibody in S eru» of patlents or anlBaas 
Example S : 

The L-A 0M1 .nd 0 RF2 are f used ln an expresslon vectof 

by si.pi, Insertine one base ln the reeion of overiap betw(>en 

0»l„dO.». This vector then ^ viraj ^ 

polymerase. A lo»* Mlth anothef vector expresslne 

only the BaJ or coat protein. ORFs are used to supply needed 
product, to the X deRNA-based expression vector which has all 
Zl* sites necessary for replication, transcription and 
P«c kae in B . u.in* the cDKA clone of X. the C ene for a protein 
"hose production 1, desired, can be inserted, introduced into 
yeast, regenerated a. an rra virus and expressed by the L-A 
encoded transcription apparatus. The clonin* of the L-A 
eeno.e ,akes possible ,uppl yl n e or modifying the protein 
exponent, of the L-A pectin* and transcription apparatus 
fro. these clone, in SUO h a way as to opti.ize expression 
fro. the .odifi.d X virus-vector. This is sche.atically shown 
In Fig. 7. 

It is understood that the examples and e.bodinents 



WO 90/12094 



-23- 



PCT/US90/017J6 



described herein are for Illustrative purposes only and that 
various .edifications or chants In li eht thereof „m be 
sueeested to persons skilled in the art and are t0 be 
included within the spirit and purview of this application 
and scope of the appended claims. 
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CLAIMS 



1. A DNA segment encoding a double-stranded RNA 
genome of the L-A virus of yeast, or a unique portion thereof. 

2. The DNA segment of claim 1 having the nucleotide 
sequence shown in Figure 2, or a unique portion thereof. 

3. The DNA segment of claim 2 wherein said unique 
portion of said nucleotide sequence shown in Figure 2 consists 
essentially of L-A virus bases numbered 1950 to 2028, inclusive. 

4. The DNA segment of claim 1 consisting of a modified 
or unmodified cDNA clone of a double-stranded RNA genome of the 
L-A virus of yeast. 

5. The DNA segment of claim 4 wherein said cDNA clone 
has the American Type Culture Collection accession number 67,888. 

6. The DNA segment of claim 1 having inserted therein 
•a sequence wherein said sequence encodes a desired protein. 

8 . A recombinant DNA molecule comprising said DNA 
segment according to claim 1 and a vector. 

9. A culture of cells transformed with said 
recombinant DNA moletsule according to claim 8 . 

10. A recombinant RNA molecule having a nucleotide 
sequence complementary to the nucleotide sequence of the 
recombinant DNA molecule according to claim 8 . 

11. A virus-like particle comprising the recombinant 
RNA molecule according to claim 10 and the coat protein of the L- 
A virus of yeast. 
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\ • I X dsRNA 1 

v . >f _ Mr n _ 



^sfS^^ 100 

HLRFVTKNSQOKSSDLFSICSORG 

irVAHNRVRTDFKFOHLVFNRVYGVSQKFTLVG 

"PTIfCFMEGSSYLEGIAKKYLTLDBSLAlDKVLH 
301 "OAGnGAGAKCACTTGCGGra ^ 

E L R S T C 6 I P 6 N A V A S H A Y It I T S W R W Y 0 N H V A I L 
401 "^GTTGCGT^^ 500 

" " » 1 « M IV' T E Q 6 I) Y S 0 I P H Y H 0 G H V K I 

Peptide III. R * 

501 ^TACCAGT^^ ^ 

■ W s TCA ^ CA ™ TC f 700 

S F P S 1 0 V P y L D V R P L T V T E V H F V L M M H S K U H R R 

701 ™™CTTAG CS ^ 

DYEAPQLAOKFAYRHALTVQDADEWI EG 

801 ^AGAACTGA^ 

0 R T D D 0 F R P P S S K V H L S A L R K Y V N H N R L Y N Q F Y T 
90! "JCMC^B^ 

AAQLLAQIHH K P V P W C A E 6 Y A W I H H D A L V H I P K 
1001 AjnWGTCT^ 

F 6 S 1 R € R Y P F L L S 6 D A A L ! Q A T A L E D V S A I H AK 
■ HI dsRHA fPS?-9Ml » — * 

1101 CCCGAGCTGGTGnCACTTACGCGAT^ 

Pept i de II JJQVSVALNTGLYLRRVKKTGFGTTID 
1201 AT6^TATGAA6A^^ 

D S Y E 0 6 A F L Q P E T F V Q A A L A C C T S Q D A P L N 6 H S 

1301 

0 V Y V T Y P D L L E F 0 A V T Q ¥ P I T V I £ P A G Y H I V D D 

HOI "T™T<s™^ 

H L V V V 6 V P V A C S P Y H I F P V A A F 0 T A H P Y C 6 N F V I 
1501 HWGGCTKTMCA^^ 

KAAHKYLRIC6AVYDKLEAWKLAUALRVA6Y0TH- 
1601 CTTCAWGTGTATGGCSATACACACGGCnAACTAAm^ 17Q0 

FKVYGDTHGLTKFYADHGDTVTH1PEFVTD6DV 
1701 ATGGAAGTAnC6TTACTGCCATC6AACGCA6AGCTAGAWTTTC6^ 1Mfl 

M E V F V T A I E R R A R H F V E L P R L N S P A F F R S V E V S T 
1801 ^TAYATATGATACTCATGTGCAGGCTGGTGCGCAT^ igoo 

TIYOTHVQAGAHAVYHASRIHLOYVKPVSTGIO 
1901 6GTGATCAATGC6GGCSAACTTAASAACTACTG6GGTAGTGTGCG zm 

v I « A G E L K N Y W G S V R R T Q 0 6 L 6 V V 6 \~\ P A T"h T~ 

CASYSAGFRSGRSYDASCNAY 
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00 



2001 ACCGGAGMCCTACAGCTGGCGCTGCCCACGAh... jTTGATASMCAGGCGGACAATGTTTTASTAGAGTAAACQTA; WCCCTCACACGGACCCCG 21 

TGEPTAGAAHEELIEQADNVLVE* 
R R T Y S V R C P R R V 0 R T 6 6 Q C F S R V N V I E P S H S P R 

2101 CCCTACAAGGTACATACT6CAGGAACCAGGTACGTACCCTGCGTGGAnAG^ mQ 
PTRYILOEPGTYPAWIRFRNRVQAVSROJKATHF 

2201 TTGTTTGACATCGTACCT6CCGCAGTAATTA6TGATTTTACTACGTC^^ 2300 
L F 0 I V P A A V I S D F T T S D T S S F A Y K S H T Y A V N V T A 

2301 CAnSAGGnCASTBACA™^^ 24Q0 
I R F S 0 T Y A L Y V 0 T 0 T N H T I L S P A A R R Q A S A T Y S 

2401 ACAGGTGGCAGGGTTnGTTATAACACACCTACCGnATGGAnCGCTAG^ 250(J 
QVAG FCYNTPTVHDSLANILDVDRNIRPKHFICG 

2501 TTACGGCTATACACMGGTCTAAGGTCACTGCTCMCATCATA^ 26£J0 
L R L Y T R S K V T A Q H H T H L R P D E L V £ A A A K V S P R R K 

2601 AATACTAOTAATSTGTCTASTTCAKTGCTCSC^ 2700 
YYLHCVVELLANLQVDLEAAVATILAYVLTLSE 

2701 AAAATTTGTACCAATTnCTTGGATTCTAGAGCAATATGGGTCGGTGAGCCTGGGCCTGATGCTCTGACTGCACGTCTCAAGGCC^ 2800 
K F V P I F I D j R 4 I y V G E P G P 0 A I T A R L K A S S G Q I 
Protease ? 

2801 AAGAGCATACACACGGCTGAnACGAACCACTCACTGAACTATTCGAGTTAGCAGTATTGATGMCCGAGGTGTTGGCCATGTCTCTTGGCM 2900 
KSIHTADYEPLTELFELAVLHHR6V6HVSVQAEK 

2901 AGGATCATCGCTTGMTCCCGACGTSGCTGTAGTTGATr^GGACSGCTATAnCGTGTGT^ 3000 
DHRLNPDVAVVDQARLYSCVRDKFEGSKqTYKY 

3001 TCCCnTAT6ACGT66GATGACTACACTG(UAACA6AT6GGAGTGGGTTCCAG6 3100 
PFHTWDDYTAdRWEWVPGGSVHSQYEEDNOYIY 

3101 CCTGGTCAGTATACTAGGMCAAGnCATAACTSnAACAAAATGCCCAAACACAAMTATCTAGAAT 3Z0 0 
PGQYTRNKFITVNKHPKHKISRH1ASPPEVRAWT 

3201 CGTOaCGAASTACGMTGGGGCAAGCAACGTKTATCTAC 33 00 

S T K Y E V QRA1YGT0LRSTLITKFAMFRCEOV 
RHA polymerase ...... 

3301 TCTCACTCACMGTTCCCAGTAG6CGACCA6GCA6A6GCA6CAAA6GTGC^ 3400 
LTHKFPV60QAEAAKVHKRVNHHL06ASSFCFO 

3401 TATGATGACnCMTTCTCAGCATTCAATAGCTAGTATSTATACGGTTTTfiT^ 3500 
YDOFNSQHSIASHYTVLCAFROTFSRKHSDEQAE 

3501 AGGCGAT6AAaa6STSTSTGASTCCSTCA€ACACATCT666TACTA6ATOTW 3600 
AHNVVCESVRHHUVLDPDTKEVIRLQGTLL $ 6. W 

3601 6CGGnAACCACAmATGAACACT6T6CTAAACTG66CGTATATGAMnAGCTGGCGTAm6ATCT6GA 3 700 
R L I T F H H_T VLflWAYHKLAGVFDLDDVQDSVHNG 

RHA polynerese ....... 

3701 6AT6ATGTTAT6ATTAGTCTCAACCGC6T6A6CACA6CAGTAA6^ 380 o 

IL^VHISLNRVSTAVRIHDAMHR I HARAQPAKCNl 

3801 TGnTTC6ATMGT6AATnCT6AG66TA6AACAC6GTATGAGCGGAG6C6AT6GTCnG665CTCACT 3900 
FS I SEFLRVEHGH5G6D6L6AQYLSRSCATLVH 

390 1 CAGTAG6An6AGTCTMC6AACCACTGTCAGTA6TAC6A6TTATGGAAGCAGiACCAGGCTAGATTGCGCGACCTG6CAAACA6AAC 4000 
SR IESNEPL5VVRVHEADQARLRDIANRTRVQS 
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4001 .TT'hTrr^ h^rrrT^ 

4101 GT66CGGTATCTCGACTGATACCTGGGCACCG6TT5AAACTAA5ATAATA 
G S I S T, 



acRLtPNKlHOAVARSSR 

4301 

4401 7rr;Trrr L c Tr™^^ «« 

i r r H A H I EFSQARYAHQAA 



6 

f-DSSD PLRALQV I L 



45oi ^TMncwraacic^ 457g 

c p rjlnep J 
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L-A 



6 C C A 
U 6 
A C 

5 - U 
C - G 
A - U 
U - A 

U-A -14.8 kcal 
C U 
U - S 

e - c 

6 - C 
A - U 
U-A 



GlyPhe^ArgSer ►0RF2-RNA polymerase 



HIV-1 



A C \ 
U - 6 
C - 6 
C - 6 

U ~A -17.5 kcal 
U - A 

C - 6 

C - S 

6 - C 

G - C 
U-A 

C - 6 



6SG^AAE7y|u7yTi36AASAU-GGAAU 
9 • gORF-^A.nPh.Lg^e lyArg 

TerPhaPfeTrgfi 1u— ► p Q 1 QRF 



U-A 

U C 

e - c 

U-A 

RSV 

C - 6 
C - 6 
6- C 

6 - C C 
A - U 

e- c 

G- C 

CCSCUUSAC 1ATAUUUAUAI -U6AA66UAAA 
9 » 9 »A rgLeuT h VA i n LitT Tt r 

1 1 « G ly . . ► po 1 
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Frameshift Vector Based on 
the L-A Virus 



Yeast 
Promoter 



Frameshift Sequence 
► AUG XXX... From L-A mRNA .... 



Beta-Galactosidase Yeast and E.coli repllcons 
In -1 Frame I and selectable markers 




Translation start 
here sets the 
initial frame 



mRNA 



Translation termination 
signal in Frame "0". 

^/ Most translations 
lTSa.. »t9e here. 
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